Objective: This study was designed to evaluate the impact of a teleassistance system on the metabolic control of type 2 diabetes patients. Research Design and Methods: We conducted a 1-year controlled parallel-group trial comparing patients randomized (1) to an intervention group, assigned to a teleassistance system using real-time transmission of blood glucose results, with immediate reply when necessary, and telephone consultations, or (2) to a control group, being regularly followed-up at their healthcare center. Study subjects were type 2 diabetes patients >30 years of age followed in the primary care setting. Results: A total of 328 type 2 diabetes patients were recruited from 35 family practices in the province of Málaga, Spain. There was a reduction in hemoglobin A1c after 12 months from 7.62 AE 1.60% to 7.40 AE 1.43% (P ¼ 0.027) in the intervention group and from 7.44 AE 1.31% to 7.35 AE 1.38% (P ¼ 0.303) in the control group. The difference in the change between groups was not statistically significant. There was also a significant decrease in systolic and diastolic blood pressure, total cholesterol, low-density lipoprotein cholesterol, and body mass index in the intervention group. In the control group, the only significant decline was in low-density lipoprotein cholesterol. Conclusions: A teleassistance system using real-time transmission of blood glucose results with an option to make telephone consultations is feasible in the primary care setting as a support tool for family physicians in their follow-up of type 2 diabetes patients.
Introduction

D
iabetes mellitus affects from 5-10% of the U.S. and European population, and the last 2 decades has seen a threefold increase in the number of cases. [1] [2] [3] Type 2 diabetes is the most common form of the disease.
At least 65% of patients with diabetes present with one or more chronic complications. Overall, around 40% present with a history of macrovascular involvement, and 30% present with microvascular complications. [4] [5] [6] [7] [8] Results of both the Diabetes Control and Complications Trial 9, 10 and the United Kingdom Prospective Diabetes Study [11] [12] [13] support the idea that chronic hyperglycemia plays a causative role in the pathogenesis of microangiopathic complications of diabetes. These reference studies show the significance of metabolic control in preventing complications and stress the importance of intensive glycemic control.
Introducing real-time telemonitoring devices 14 in the metabolic follow-up of patients would allow a continuous followup of patients' blood glucose profile and the immediate implementation of treatment changes as needed to keep hemoglobin A1c (HbA1c) levels within safe limits, thus preventing complications.
In this respect, available studies have shown good results as regards metabolic control of diabetes patients, although most of them were conducted in type 1 diabetes patients. [15] [16] [17] Studies involving type 2 diabetes patients are scarce, and they have been carried out in hospital settings. 18, 19 However, we have not found any reference of studies involving family physicians with an option to consult them by telephone.
The objective of the present study is to assess the impact of a telematic tool that may allow an interaction between type 2 diabetes patients and their physician, as well as real-time glycemic control. Because most of these patients are followed within the primary healthcare setting, we decided to carry out our study within this level of care.
Research Design and Methods
A controlled randomized two-parallel-group trial was carried out in type 2 diabetes patients on self-monitoring followed in health centers in the province of Málaga (Andalusia, Spain).
Patients >30 years of age diagnosed with type 2 diabetes and on self-monitoring for at least 6 months before the beginning of the study were included. Patients with difficulties in using the system because of the number and severity of their complications and comorbidities of diabetes, as well as those who required a caregiver, were excluded.
Teleassistance system and material
An ACCU-Chek Ò Compact glucometer (Roche Diagnostics, Mannheim, Germany), for determination of glucose in fresh capillary blood by reflectance photometry, was provided to all patients at the beginning of the study. In addition, patients assigned to the intervention group and their family physicians were given a mobile phone.
Patients and physicians' mobile phones, together with the call center, made up the teleassistance system, DIABECOM, from Roche Diagnostics.
Patients in the intervention group sent, in real-time and via their mobile phone, their blood glucose measurements to the call center. When blood glucose levels were not within normal range, the system sent an alarm to the call center, and previously established protocol interventions were implemented. Patients could also telephone their physician or the call center professional staff (a physician and a nurse specializing in diabetes and diabetes education), if they were not connected to the system. Physicians could contact their patients via mobile phone and have access to any information patients sent through the web page.
Each call or alarm was answered using standard protocols, and all interventions were recorded.
Ethics and consent
Approval for the research project was obtained from the Scientific and Research Committee of the Fundació n Carlos Haya (Málaga, Spain).
Each participating healthcare professional signed an adherence agreement before entering the study. These professionals then recruited patients whom were given written information and signed an informed consent before being enrolled in the study.
Study sample
A total of 35 family physicians and 24 nurses from the province of Málaga voluntarily participated in the study. Study subjects were selected from their patients.
Eight to 10 subjects were selected from each physician's patients. An updated list including each physician's type 2 diabetes patients was obtained, and subsequently participants were selected through a systematic sampling design with a random start. Patients remained in the same order in which they had been selected.
In order to ensure that each physician's patients were randomly allocated in a balanced way, block randomization was used, with an allocation sequence being generated by means of a table of random numbers. Allocation was concealed, but, given the nature of the intervention, it could not be blind to participating physicians.
A two-sided hypothesis test at a 95% confidence level was used. The trial has an 80% statistical power to detect differences of 10% between both groups in the decrease in proportion of patients with HbA1c >8% over the course of the study.
Training
Training activities were carried out for healthcare professionals to become familiar with the telematic system to be used.
Patients were instructed in the use of the glucometer and the mobile phone.
Outcome measures
The main outcome measure was HbA1c level. It was determined at public reference laboratories located in Andalusian Health Service hospitals. These laboratories determine HbA1c using high-pressure liquid chromatography. The remaining analytical determinations required during the study were also made in the same reference laboratories. Therefore, all analytical measures were blind.
Upon enrollment, each patient's baseline data were also collected: sociodemographic variables, duration of diabetes, current diabetes clinical state, presence of complications, treatment and lifestyle, use of other drugs, and presence of vascular risk factors.
Follow-up
Follow-up lasted 12 months. During this period, both groups received the same health care at their healthcare center, except for the intervention. Collection of data was performed at 3 and 6 months and by the end of the trial.
During the study follow-up period we collected data on metabolic parameters (HbA1c and blood glucose values). We also recorded the frequency and results of blood glucose readings for each patient. Patients in the control group recorded them on their patient chart, and results from the teleassistance group were recorded on the call center application.
Final study visit
HbA1c values were measured at the final 12-month visit. Secondary outcomes included lipid profile, blood pressure measurements, and body mass index (BMI).
Data analysis
Statistical analysis was carried out using SPSS (Chicago, IL) version 12.0. The main analysis was performed on an intention-to-treat basis. For patients enrolled in the trial but lost to follow-up, results from the last appointment were used, except for those who died (seven patients) and were excluded from the analysis (160 patients in the intervention group and 161 patients in the control group were left).
Results of HbA1c determinations at 0, 6, and 12 months are presented as means and 95% confidence intervals.
We conducted an analysis of the within-group mean change from baseline to the 6-month visit and from baseline to the end of the study using a paired Student's t test.
We examined the differences between groups in the mean individual change in HbA1c from randomization to the 6-month visit and from randomization to the 12-month visit using an unpaired Student's t test.
Within-group change in HbA1c was analyzed as a whole using repeated-measures analysis of variance.
McNemar's test was used for within-group comparison of the difference in proportion of individuals with HbA1c >8% from baseline to end of the study.
The same analysis was carried out in the subset of patients meeting system adherence criteria (they sent blood glucose results during at least 8 months over a 12-month period).
The t test was also used to examine differences in mean blood glucose, blood pressure, and lipid levels.
Statistical significance level was set at P ¼ 0.05 for all analyses.
Results
The population under the care of the 35 family physicians comprised 55,496 people >14 years of age (Fig. 1 ). From these, 3,444 patients had been diagnosed with type 2 diabetes, which shows a known prevalence of 6.21% in this population. A total of 2,184 fulfilled the study inclusion criteria, of whom 717 were randomly selected for participation. However, in 389 cases there was some reason for exclusion (low cultural level, complications and=or comorbidities, and patients who needed a caregiver); another 143 refused to participate. Finally, 328 patients, who were recruited from September 2003 to May 2004, were included in the study sample and randomly assigned to the study groups: 161 to the intervention group and 167 to the control group. During the trial seven patients died, and another 24 were lost to follow-up; therefore, in 1 year we followed 146 patients (91%) from the intervention group and 151 (90%) from the control group.
Baseline characteristics of the individuals from both groups were similar (Table 1) .
Metabolic control: main outcome
The decrease in HbA1c (Table 2 ) was statistically significant in both study groups after 6 months: from 7.62% to 7.21% (P < 0.001) in the intervention group and from 7.44% to 7.30% (P ¼ 0.048) in the control group. There was a statistically significant difference (P ¼ 0.020) in the mean individual changes in HbA1c between the intervention group (0.41%) and the control group (0.14 %) at 6 months.
At the end of the study, a decrease in HbA1c was seen in both groups: from 7.62% to 7.40% (P ¼ 0.027) in the intervention group and from 7.44% to 7.35% (P ¼ 0.303) in the control group. This decrease was statistically significant only in the telemedicine group. At 1 year of follow-up, no statistically significant differences (P ¼ 0.342) were seen in mean individual changes between the intervention group (0.022%) and the control group (0.09%).
HbA1c within-group change as a whole (analysis of variance) was statistically significant in the intervention group (P < 0.001) but not in the control group (P ¼ 0.197).
The proportion of patients with HbA1c >8% decreased significantly from 35% to 22.5% in the telemedicine group (P < 0.001). This decrease was lower in the control group, from 28% to 23.6% (P ¼ 0.324).
The average number of glucose measurements was 7.37 readings per month in the intervention group and 5.85 in the control group (P ¼ 0.02).
Mean blood glucose levels decreased significantly in both groups throughout the study: from 9.01 to 7.69 mmol=L in the intervention group (P < 0.001) and from 8.93 to 8.31mmol=L in the control group (P ¼ 0.010). At the end of the trial, a statistically significant difference was observed between both groups in the mean level of the last blood glucose determination (intervention group, 7.69 mmol=L; control group, 8.31 mmol=L [P ¼ 0.036]).
Use of the teleassistance system
Patients in the intervention group made an average of three phone calls per month, as compared with an average of 2.62 reminder or follow-up calls per month per patient made from the call center after receiving the patient's call.
Sixty-two percent of patients in the intervention group met system adherence criteria. In this subgroup, we observed a decrease in HbA1c from 7.46% to 7.02% (P < 0.001) at 6 months. This decrease remained statistically significant over the study period, from 7.46% to 7.19% (P ¼ 0.033). In the ''nonadherence'' group, a lower decrease was found, from 7.88% to 7.51% (P ¼ 0.012) at 6 months and from 7.88% to 7.75% (P ¼ 0.398) at the end of the study.
Secondary outcomes
At the end of the trial, an improvement in the level of all lipids was seen in both groups, with statistically significant differences from baseline. In the intervention group, total cholesterol levels decreased from 5.14 to 4.98 mmol=L (P ¼ 0.015), and low-density lipoprotein (LDL) cholesterol levels decreased from 3.21 to 3.07 mmol=L (P ¼ 0.016). In the control group, statistically significant differences were only found in LDL cholesterol change (from 3.32 to 3.12 mmol=L [P ¼ 0.016]). We did not find statistically significant differences between groups in the mean change of any parameter.
At the end of the trial, a statistically significant decrease in mean blood pressure levels was found in the intervention group, both in systolic blood pressure ( 
Conclusions
This is one of the longest and largest randomized controlled trials of type 2 diabetes patients followed in the primary care setting, since it was carried out from a sample of patients 
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geographically distributed throughout the whole Health Care Area in the province of Málaga (Spain). In the literature, however, we have found few studies carried out on type 2 diabetes patients. Standing out among them are the IDEATel Consortium, 20 conducted in the state of New York, and the one carried out in Salford, UK. 21 In the latter study, like in ours, participants were selected from patients followed in the primary care setting. Other studies conducted on type 2 diabetes patients have been carried out from a hospital sample. 18, 19 Unlike other studies, this trial involved family physicians and many nurses from health centers. We have shown the feasibility of implementing a teleassistance system in type 2 diabetes populations followed in the primary care setting. The main advantage of the system is it may work in real-time 24 h=day. We have found no other study in which patients may contact their family physician, although there are some in which they may contact hospital physicians 22 or in which researchers contact patients by phone. 19 Another advantage of this system was that intervention protocols from a central unit had been previously standardized, and each intervention was recorded on the application, so that physicians could follow their patients' changes in real time.
Loss of patients has been similar in both groups: 15 (9.31%) and 16 (9.58%) in the telemedicine and control groups, respectively. These figures are similar to or lower than those reported by other studies. 15, 16, [19] [20] [21] Our study shows an HbA1c decrease in both study groups with respect to baseline values. After 6 months, such difference is statistically significant in both groups. However, at the end of the study, though an improvement in HbA1c is still found from baseline to the end of the study, it is only statistically significant in the telemedicine group. This may be due to the fact that information was collected in the middle of the period during the first semester of follow-up (at 3 months), and this was not done in the second semester (i.e., at 9 months). This information request at 3 months may have made patients feel watched and thus led them to improve their care. At the end of the second semester, differences only remain significant in the intervention group, which we consider only provides evidence of the effect of teleassistance. This is supported by the fact that metabolic control of the intervention group patients who did not adhere to the teleassistance system yielded the same results as those of the control group (non-significant HbA1c decrease at the end of the study), in contrast with results found in the group who adhered to the system.
Other studies also show a statistically significant decrease in the intervention group, although no significant difference is evidenced between both groups. 15, 19, 20, 23, 24 Nonetheless, other authors report a statistically significant difference between groups. 18, 21 In both groups, levels of all lipids have improved (total cholesterol, triglycerides, and LDL and high-density lipoprotein [HDL] cholesterol), with improvements being statistically significant in the LDL cholesterol levels of the two groups and in the cholesterol level of the telemedicine group. Besides, at 6 and 12 months of follow-up we observed an improvement in mean blood pressure, both diastolic and systolic, with respect to baseline values in both study groups. At the end of the trial, such improvements were only statistically significant for the telemedicine group. We only found another study in the literature, the IDEATel Project, 20 that, like ours, reports significant simultaneous improvements in HbA1c, lipids, and blood pressure levels in the intervention group, with little change in lipid and blood pressure levels in the control group.
Finally, our study shows the feasibility of implementing teleassistance systems to support family physicians in their follow-up of patients with diabetes and its effectiveness regarding metabolic control of type 2 diabetes patients, as well as in lipid and blood pressure control. Nevertheless, further research to provide more information about aspects such as automatic transmission of blood glucose results or studies aimed at patients requiring a caregiver are needed.
